ABSTRACT We found bees with characteristics of both workers and queens in African honey bee, Apis mellifera scutellata Lepeletier, colonies, African usurpation swarms and in colonies of European honey bees, Apis mellifera L., in the southwestern United States. The intermorphs are similar to workers in the shape of their head and mandibles, weight, body length, and width of their thorax. Intermorphs have corbiculae that are similar to those of workers and do not have developed ovaries or enlarged spermathecae. However, intermorphs physically resemble small virgin queens because of the shape of their abdomens and the number and distribution of hairs on their bodies. Intermorphs also emit volatile compounds that are similar to those emitted by queens but different from those emitted by workers. Intermediate morphs between honey bee workers and queens have been described previously, but this is the Þrst description of naturally occurring intermorphs in African bees in the New World.
HONEY BEE COLONIES ARE composed of a single queen, thousands of workers (sterile females), and depending upon the time of year, several hundred drones (males). Queens and workers are produced from fertilized eggs and drones from unfertilized eggs. The quantity and composition of food given to a female larva during the Þrst 72 h of her life determines its caste. If the larva is exclusively fed royal jelly (a secretion from the mandibular and hypopharyngeal glands of workers), it will develop into a queen. A worker bee develops when a larva is fed royal jelly only for the Þrst 48 h of its life and then is fed pollen and nectar (Jung-Hoffman cited in Beetsma 1979 , Winston 1987 .
Typically, workers and queens have different morphologies and perform different functions in the hive. For example, workers have a barbed stinger and sting only once, whereas queens have a straight stinger and can sting multiple times. Workers have specialized hairs on their hind legs for collecting pollen and queens do not. Queens are larger than workers and are the sole reproductive in the colony. Workers rarely lay eggs in queenright colonies but instead engage in brood rearing, colony building, and food gathering (Winston 1987) .
Whereas workers and queens are clearly different in their morphologies and behaviors, intermediate morphs (IMs) can occur that have characteristics of each. An IM between a worker and a queen (also called an intercaste) develops when queen rearing is initiated on 3Ð 4-d-old worker larvae (Beetsma 1979 , Dedej et al. 1998 . IMs have occurred experimentally when sugars were added to the food of worker larvae (Asencot and Lensky 1976) . IMs also occur when fertilized eggs of the Cape bee, Apis mellifera capensis Escholtz, are reared in European honey bee, Apis mellifera L., colonies. Cape bee larvae are selectively fed by European nurse bees and receive more food that is similar to royal jelly than do the European worker brood. Because of the additional food, some of the Cape bee larvae have queen-like features such as reduced corbiculae, shorter developmental times, larger spermathecae, and a larger number of ovarioles than A. m. capensis larvae reared in their own colonies (Beekman et al. 2000 , Allsopp et al. 2003 .
In addition to morphological features, workers can have characteristics of queens with respect to the pheromones they release. For example, "false queens" are worker bees that occur in queenless colonies and can attract a small but recognizable retinue of workers around them. False queens morphologically are workers but the amount of pheromone in their mandibular glands is intermediate between a typical queen and a worker Velthuis 1980, Plettner et al. 1993) .
We have found what seems to be an IM between an African honey bee, Apis mellifera scutellata Lepeletier, worker and queen in Tucson, AZ. We Þrst noticed IMs when examining colonies for virgin queens and noticed numerous "shiny black" workers that had the appearance of small virgin queens because of their sharply tapered abdomens and the lack of dense hairs on their thoracic and abdominal segments. We have observed IMs in queenright African and European honey bee colonies. Additionally, we have found IMs in colonies that were being robbed and in small African usurpation swarms (Danka et al. 1992 , Schneider et al. 2004 ) that were entering European honey bee colonies. This suggests that IMs may be associated with drifting or the invasion of host colonies.
The purpose of this study was to describe the putative IMs in terms of body weight, morphological features, ovarian development, and proÞles of volatile chemicals they emit and compare these with European and African workers and queens. We compared IMs with workers collected in hives, and with those robbing honey from other colonies (hereafter referred to as robber bees). Robber bees typically have less hair especially on their abdomens (giving them a shiny appearance) compared with workers not engaged in robbing, because robbers Þght with other workers while gaining access to their honey (Winston 1987) . We included robber bees to determine whether IMs resembled them in those characters where IMs differed from worker bees collected from hives.
Materials and Methods
Honey bees considered to be IMs were collected from African and European honey bee hives and from usurpation swarms that landed on hives of European honey bees. African colonies from which we collected IMs were established from swarms and their identity veriÞed using morphometric and mitochondrial DNA analyses (Rinderer et al. 1993 , Nielsen et al. 2000 .
European honey bee colonies where we found IMs were established from packages and purchased yellow Italian queens (Kona Queens, HI). Voucher specimens of all honey bees used in this study are stored at the Carl Hayden Bee Research Center, Tucson, AZ.
For comparison, we also collected three other groups of bees. First, workers were sampled at random from known African and European colonies. Second, queens were grafted using 24 Ð36-h-old larvae from African or European honey bee colonies and sampled 72 h or more after they emerged. Third, we collected worker bees that were robbers, identiÞed by their smooth, shiny black appearance. Because IMs exhibit some of the same morphological features (see below) and can be associated with robbing, the Þnal comparison allowed us to assess whether IMs were simply robber bees or a unique type of worker.
Physical Measurements. The dry weight of queens, workers, and IMs were taken using a CAHN Electrobalance Millibalance model 7500 (Cahn Instruments Co., Cerritos, CA). Dry weights were obtained by placing individual bees on Þlter paper in a drying oven until weights of individual specimens did not change for 2 d.
The body length of each collected bee was measured from the vertex of the head between the compound eyes to the tip of the last abdominal segment. Thorax width and abdomen length also were measured for each bee. Measurements of external features were made using a WILD Heerbrugg microscope (Leica Microsystems Inc., Bannockburn, IL) with a 10ϫ/21 ocular micrometer and an Intralux 6000 Volpi light source (Volpi AG, Schlieren, Switzerland). All size measurements were made from the dorsal perspective. The shape of the mandibles and head were characterized by comparing them with electron micrographs (Erickson et al. 1986 ). We classiÞed mandibles as having a smooth (worker-like), notched (queenlike), or intermediate curve. Head shape was characterized as triangular (worker-like), round (queenlike), or intermediate. We also recorded whether the stinger was straight or barbed.
Each bee was examined for the presence of corbiculae. Whether a main anchor hair was present was noted and its length measured. We also recorded whether pollen combs were present and whether they contained pollen.
The width of the dorsal surface of abdominal segments 3Ð 6 was measured. Measurements were made at the widest point of the segment. We subtracted the sum of segments (5 ϩ 6) from the sum of segments (3 ϩ 4) to estimate the degree of tapering of the abdomen in queens, workers, robbers, and IMs.
Hairs were counted on dorsal sections of the thorax, scutellum, and abdomen by lining up the micrometer to the center section of body segment, and counting all the hairs that fell along the horizontal line and within the width of the two vertical end lines on the micrometer (Fig. 1) .
IMs captured in European honey bee and African colonies were checked for ovary development by using the criteria proposed by Velthuis (1970) , which range from no development (category 0) to ovarioles containing fully formed oocytes (category IV). Whether IMs had enlarged spermathecae also was noted during the dissections for ovary development. Ten specimens were examined for each caste. a All body measurements are in millimeters. Means in individual columns followed by the same letter are not signiÞcantly different at the 0.05 ␣ level as determined by an F-test followed by a TukeyÕs W procedure (Sokal and Rohlf 1995) . The average length of the anchor hairs were not signiÞcantly different at 0.05 level (F ϭ 0.39; df ϭ 2, 25; P ϭ 0.682).
b For queens, the measurement was the width of the hind tibia because there are no corbiculae. c na, not applicable.
Gas Chromatography/Mass Spectroscopy (GS/MS) Analyses. Volatile compounds emanating from IMs, queens, and workers (n ϭ 7 of each) were collected using solid-phase microextraction (SPME) techniques (Pawliszyn 1997) . A 65-m polydimethylsiloxane/ divinylbenzene Þber (Supelco SPME Þber 57326U, Supelco, Bellefonte, PA) was used for collecting all samples. Individual bees were placed in cleaned 50-ml glass ßasks that were stored under vacuum to remove all odors. Flasks were Þtted with a wire cage that surrounded the Þber to prevent physical contact between the bee and the Þber surface during sampling. Volatiles were collected for 10 min at room temperature and immediately analyzed by GC/MS (Varian 3800 GC/Saturn 2100 MS, Varian Analytical Instruments, Walnut Creek, CA). The Þber was desorbed for 3 min at 240ЊC, and compounds were separated on a Varian CP-Sil-5 30 m ϫ 0.25 i.d. column with the following programmed parameters: injector temperature, 240ЊC; column temperature, 40ЊC for 3 min, ramp to 250ЊC at 15ЊC per minute; and ßow rate, 1 ml/min. The MS was operated in EI mode at 150 eV. Chromatographic and mass spectroscopy data were collected and evaluated using Saturn Workstation version 5.52 (Varian Analytical Instruments).
Statistical Analysis. The average body length, width of various body parts, and numbers of hairs were compared among European and African workers, robbers, queens, and IMs using analysis of variance (ANOVA) followed by a TukeyÕs W procedure when F values indicated differences among means (Sokal and Rohlf 1995) .
Results
Physical Measurements. The shiny black color and tapered abdomen of the IMs made them clearly visible among the light brown workers in the European colonies (Fig. 2) . The all black cuticle of the IMs also indicated that they were not offspring of the European queen but probably entered the hives from African colonies in the area. The IMs collected from the European honey bee colonies were identical in features to those collected from African hives.
IMs did not differ from workers in weight, body length, and width of the thorax (Table 1 ). All IMs had triangular heads, smooth mandibles, and barbed stingers like worker bees (n ϭ 10 specimens each of European and African workers and IMs). The width of the corbiculae and the length of the anchor hairs did not differ between workers and IMs. Some IMs had pollen that they collected in their corbiculae. IMs did not have enlarged spermathecae or advanced ovary development (stage 0, 38%; 1, 58%; 2, 4%; and 3 and 4, 0; n ϭ 50).
IMs had features that differed from workers and were similar to queens. In IMs and queens, there was a larger difference between the anterior abdominal segments and the posterior segments compared with workers (Table 2) . IMs had comparable numbers of hairs on abdominal segments 3 and 4 to those of queens and signiÞcantly fewer than workers or robbers (Table 3 ). The hairs on abdominal segments 5Ð7 were plumose and dense on the workers, whereas queens and IMs had sparsely distributed bristle-like hairs (Fig. 2) .
IMs had signiÞcantly fewer hairs on the center sections of their thoracic segments and on the scutellum than queens or workers (Table 3) . IMs had numerous hairs along the periphery of the scutellum as did workers and queens, but unlike those castes, the center section of the scutellum of IMs was nearly devoid of hairs (Fig. 3) . GC/MS Analyses. All IMs showed nearly identical proÞles with only very small differences in absolute quantities (data not shown). The IM proÞles were compared with those collected from African and European queens and workers (Fig. 4) . Two points emerge from the comparison. First, the Þngerprint of peaks characteristic of the IMs is more similar to the Þngerprint produced by the African and European queen than to either the African or European worker. Second, the amount of material emitted by the IMs All measurements were taken from the dorsal perspective and are in millimeters. Means followed by the same letter are not signiÞcantly different at the 0.05 ␣ level as determined by an F-test followed by a TukeyÕs W procedure (Sokal and Rohlf 1995) . Worker bees that were robbers also were included in the analysis. In all cases, 10 bees were used for each measurement. Means in individual rows followed by the same letter are not signiÞcantly different at the 0.05 ␣ level as determined by an F-test followed by a TukeyÕs W procedure (Sokal and Rohlf 1995) .
is more similar to the amount from the two queen samples than to either the European or African workers. The queens and IMs produced signals in the millions of counts range, whereas the amounts collected from workers were 1Ð2 orders of magnitude less. The largest peak common to the European and the African queens and the IMs is also the largest peak for them individually (peak eight at 8.05 min). This peak has been tentatively identiÞed as nonanal by using the Wiley MS Library, although the identity has not yet been conÞrmed with standards (Table 4) . The peak at 7.5 min (peak 5, ␤-ocimene) that occurs in both European and African queens was absent in IMs.
Discussion
This is the Þrst instance that IMs have been reported in African honey bees in the New World. IMs have features in common with both workers and queens. Morphological features such as body size, the shape of the head, mandibles, stinger, and corbiculae of IMs are similar to workers. However, the shape of the abdomen, number and distribution of thoracic and abdominal hairs, and chemical composition of volatile compounds emanating from IMs are similar to those from queens.
Workers with reduced numbers of hairs and shiny black abdomens have been reported previously and the appearance attributed to robbing behavior, feeding on certain nectars or pollens (e.g., Aesculus californica (Spach) Nutt. ; Eckert 1963) , or viral infection causing hairless or "black bee" syndrome (Gochnauer 1990 ). In our study, robber bees were clearly distinguishable from IMs. A. californica is not found in our study area. Bees infected with the virus causing black bee syndrome also exhibit an advanced state of paralysis. IMs we observed showed no symptoms of paralysis or compromised health, so it is unlikely that their appearance was due to a virus.
One explanation for IMs having morphological features that are similar to workers and queens is that during a least a portion of their larval life they were fed differently from larvae destined to be workers. Numerous genes are differentially expressed between queens and workers depending upon how larvae are fed (Evans and Wheeler 1999) . Larvae that developed into IMs might have been fed royal jelly for a slightly longer period than those that developed into workers, giving rise to some features that resemble those of queens. IMs also had characteristics, particularly on their thorax and scutellum, that differed from workers or queens. Whether this can be explained by errant or aborted coding of certain genes in IMs due to how they were reared as larvae requires further investigation.
Perhaps the most intriguing feature of IMs is that they emit many of the same volatile compounds as a queen. Others have reported queen-like components from the mandibular glands of intercastes of A. mellifera and "pseudoqueens" from A. m. capensis (Plettner et al. 1993 , Moritz et al. 2003 , but this is the Þrst report where volatiles from IMs, queens, and workers are compared. Whereas IMs emitted many of the same compounds as a queen, ␤-ocimene was absent. We have recently identiÞed ␤-ocimene as a putative pheromone that is unique to queens (both African and European), and, more speciÞcally, laying queens (G.D.-H. and J.H., unpublished data). Because the IMs we dissected did not have developed ovaries, we did not expect them to emit ␤-ocimene.
Whereas the objective of this study was to describe IMs, future investigations will be directed at determining the origin of IMs and their effects on a colonyÕs social structure. Whether IMs are fed differently from workers during the larval stage, and if so, the reasons for such differences also need to be determined. Whether the volatiles IMs emit inßuence worker-queen interactions also needs to be investigated further. Because IMs emit many of the same volatiles as a queen, it is possible that the presence of IMs in a colony might confuse chemical signals emanating from the queen that advertise her presence. A possible case in point is that we regularly saw IMs in usurpation swarms of African bees. The volatiles from IMs might be used for aggregation by workers. IMs also might play a role in affecting the chances of a swarm queen entering and establishing herself in an invaded colony. Thus, IMs might contribute to the success African bees have had in invading European habitats. The volatiles from all individuals were collected during the same time period to avoid any differences that may be due to seasonal effects. The x-axis represents time and the y-axis "counts" (relative amount). Fig. 4 . b Other peaks, and speciÞcally the major peak at 8.150, are siloxane system peaks.
